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　 バ ン カ ー 法 の 代 表 的 な も の は， ア ブ ラ ム シ
類 対 策 と し て ム ギ 類 に ム ギ ク ビ レ ア ブ ラ ム シ
Rhopalosiphum padi (L.) を着生させ，コレマンアブ
ラバチ Aphidius colemani Viereck あるいはショクガ
タマバエ Aphidoletes aphidimyza (Rondani) を維持す
る方法で，ヨーロッパで研究され，普及している
（Walters and Hardwick(51)）．日本においては，矢野 (53)
















































































































に 発 生 す る ア シ グ ロ ハ モ グ リ バ エ（Liriomyza 
huidobrensis (Blanchard)）対策として，ハモグリバ


















































（banker plant system=open rearing system） と 呼 ば
















































シ（R. maidis (Fitch)）があげられる（Elliott et al.(4)，











































ク ガ タ マ バ エ（Aphidoletes aphidimyza (Rondani)，
1998 年）が市販されており，その後，ヤマトクサ
カゲロウ（Chrysoperla carnea (Stephens)，2001 年）






も探索効率が良いとされ，活動適温は 15 ～ 30℃（根


















































































点 5.9℃，有効積算温度 200 日度という報告もあり
（Sampaio et al.(35)），他のアブラバチ類では発育零点









302 卵，25℃で 388 卵を産卵するとし，発育期間は
20℃で 12.7 日，25℃で 10 日であり，内的自然増加
率は 20℃で 0.352，25℃で 0.438 と算出され，キュ
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2 ポット）にアブラバチ 40 頭（うち雌成虫は 25 あ


















































































表 1　恒温室ケージ内でのコレマンアブラバチ 1 雌あたりの
次世代数
 1 雌あたりマミー数，平均± S.E. (N)
寄主アブラムシ 15℃ 20℃
ワタアブラムシ 286.8 ± 42.8(3) 467.0 ± 58.0(3)
ムギクビレアブラムシ 191.2 ± 17.4(5) 263.0 ± 21.7(5)
アブラムシの種類間，飼育温度間で有意差が認められる（二元配置分
散分析，種間：MS=1.768，F1,12=199.7, p<0.0001；温度間：MS=0.117，




























ブラバチ 0，1，3，9，27 対の放飼を 6 反復，ムギ
クビレアブラムシ 50 頭に対してアブラバチ 0，1，3，








に，ガラス室（7 × 8m，開口部は 1mm ネット網戸）
内にムギクビレアブラムシ（平均 160 頭）を定着さ
せたコムギ苗を，床面と高さ 1.5 ｍの 2 段で，縦 6






× 17m，1a）内に 1.3 ｍ間隔の畦 5 列に 0.9m 間隔










合には 1 雌あたり 287 個，十分量のムギクビレア




　　放飼日 放飼成虫数 羽化成虫数 雌 比 1 雌あたり次世代数
 （うち雌成虫数）
　10 月 28 日 　　40 (30) 　　1404 60.3% 46.8





















































表 3　ワタアブラムシとムギクビレアブラムシの 5 種類の個体数比における各アブラムシへのコレマンアブラバチの寄生成功
数，ならびにアブラムシ生存数
初期アブラムシ数 アブラバチ 11 日後のマミー形成数，平均± S.E. (N) 11 日後のアブラムシ生存数，平均± S.E. (N)
ワタ：ムギクビレ 放飼数
 ワタアブラムシ上 ムギクビレアブラムシ上 ワタアブラムシ ムギクビレアブラムシ 
 20:100 1 対 25.0 ±   1.98 (6) * 80.0 ±   6.16 (6) 82.2 ± 25.4 (6) 462.0 ±   78.1 (6)
 40:80 1 対 32.0 ±   4.80 (6) 100.0 ± 18.49 (6) 66.5 ± 10.7 (6) * 524.5 ±   91.9 (6)
 60:60 1 対 72.6 ± 14.39 (5) 64.2 ±   4.60 (5) 153.6 ± 59.2 (5) 304.0 ± 119.1 (5)
 80:40 1 対 70.0 ±   9.44 (5) 31.8 ±   4.08 (5) 110.4 ± 43.7 (6) 236.6 ± 163.4 (5)
 100:20 1 対 112.5 ± 10.82 (6)  24.7 ±   5.63 (6) 272.7 ± 67.1 (6) 286.7 ± 111.2 (6)
25℃の恒温条件 .
*　初期アブラムシ数の比率と有意に異なる（初期全アブラムシ数に対するワタアブラムシ数の比率および全マミー形成数に対するワタアブラムシでの





図中の数字はマミー形成数．*1：1 と有意に異なる（ 2 検定，
初期数各 120：df=1, 2=30.8, p<0.0001; 初期数各 600：df=1, 
2=17.7, p<0.0001）．
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3 雌のアブラバチ／ 0.07m2 床面積）である．このア
ブラバチを供給するためには，0.14 頭の雌成虫（表









てみたい．アブラバチ 1 頭／ m2（雌雄混合）で放
飼した場合には，バンカー上で次世代（おおむね 2
週間後）は 30 雌／ m2 となる（表 2 より，バンカー
上で世代間約 50 倍×雌比 0.6）．これはアブラムシ
の生息する葉上の狭い空間（あえて平面と仮定し，
実験と同じ 0.07m2）で換算すると 2.1 雌となる．こ
の数は 35 頭のアブラムシの増加を抑える天敵数と
推定される（表 4 より，50 頭のアブラムシに対し
て 3 雌のアブラバチ）．より厳しい場合で，仮にア
ブラムシの初期定着数が 50 頭／株のときには，ア

























た直後に株あたり 5 頭（1 株／ 1m2，ただしアブラ
ムシは狭い範囲の葉上に定着）の密度で定着したと
すると，これが増加しないためのアブラバチ密度は
4.3 雌／ m2（表 4 より，50 頭のアブラムシに対して
 実験開始時 11 日後の数，平均 ± S.E.
 寄主 アブラムシ数 アブラバチ雌数 アブラムシ生存数 マミー形成数 
 ワタアブラムシ 50 0 1157.4 ± 105.8 a -
 ワタアブラムシ 50 1 80.2 ±   31.9 b 74.7 ± 31.9  a
 ワタアブラムシ 50 3 49.4 ±   12.3 b 42.6 ±   6.6 ab 
 ワタアブラムシ 50 9 29.2 ±     8.1  bc 24.7 ±   5.5 b
 ワタアブラムシ 50 27 12.5 ±     5.3 c   1.7 ±   1.1 c
 ムギクビレアブラムシ 50 0 867.2 ± 26.1 A -
 ムギクビレアブラムシ 50 1 437.0 ± 44.0 A 100.2 ±   7.2 A
 ムギクビレアブラムシ 50 3 78.4 ± 12.5 B 40.6 ± 12.5 B
 ムギクビレアブラムシ 50 6 67.2 ± 13.3 B 16.2 ±   4.0 B
 ムギクビレアブラムシ 50 12 52.0 ± 16.5 B 18.4 ±   4.8 B 
25℃の恒温条件．実験反復は，ワタアブラムシを寄主とした場合には 6，ムギクビレアブラムシを寄主とした場合には 5．
ワタアブラムシ，ムギクビレアブラムシともにアブラバチ雌数が増加するに従って，アブラムシ生存数，マミー形成数ともに有意に減少する（log
変換値を用いた一元配置分散分析，ワタアブラムシ：それぞれ MS=4.925, F4,29=37.2，p<0.0001；MS=5.014, F4,29=106.3，p<0.0001，ムギクビ
レアブラムシ：それぞれ MS=1.669, F4,20=37.9，p<0.0001；MS=2.738, F4,20=53.6，p<0.0001）．
同じアルファベットを付した平均値間に有意差は認められない（log 変換値を用いた一元配置分散分析後，Tukey の HSD 検定，p<0.05）．
表 4　一定数のアブラムシに対してコレマンアブラバチ放飼数を変化させたときのアブラムシ生存数とマミー形成数
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4）コレマンアブラバチの移動可能範囲















50 頭×性比 0.6）から生じる次世代，すなわち 1500
マミー（表 2 より，バンカーで 50 倍× 30 雌）が形
成できる十分な数として，2000 頭以上の初期数が
必要と考えられる．これを十分維持するためのムギ




ガラス温室（7 × 8 ｍ）内に，床面と高さ 1.5m にムギクビレアブラムシを均等に配置し，床面中央からコレマンアブ
ラバチを放飼し，3 日後に回収して，マミー形成数（図中の数値）を調査．マミー数について南北方向では有意差が認
められない（log 変換値について三元配置分散分析，南北：MS=0.180, F5,60=0.643, p=0.6678）が，東西方向おび上下方
向では有意差が認められた（東西：MS=0.881, F5,60=3.143, p=0.0138；上下：MS=19.388, F1,60=69.185, p<0.0001）．
図 5　1a ハウスでのコレマンアブラバチの分散
ビニールハウス内（6 × 17 ｍ）にムギクビレアブラムシを定着させたコムギのポットを東西 1.3 ｍ，南北 0.9 ｍの間隔
で，15 × 5 ポット配置し，中央からアブラバチ成虫 422 頭を放飼．3 日後に回収し，25℃の恒温室で個別に飼育し，マ
ミー形成数を調査（図中の数値）．マミー数について南北方向では有意差は認められなかったが，東西方区では有意差






雌比を 0.6（表 2）とすると，1 雌あたり 5.6 頭の次
世代が確認されたことになる．また，1 ａハウス内
では 422 頭のアブラバチ成虫が羽化し，合計 1886











　より広い実験空間（6 × 17 ｍのビニールハウス）
でも，中央部から放飼したコレマンアブラバチによ
り，ハウス全域のポットでマミーが形成され（図 5），











がアブラバチ A. matricarae とショクガタマバエを
用いて実施しているほか，コレマンアブラバチを単





















　約 1 ａ（6 × 17 ｍ）のビニールハウスを中央部
で半分に区切り，各区画にナス 20 株を 2000 年 10
月 16 日に定植した（10 株× 2 列，畦幅 1.5m，株間
0.6m）．2000 年 11 月 2 日にワタアブラムシを接種し，







シ高密度ハウスは 4 区画，ワタアブラムシ 5 頭を定
着させたアブラムシ低密度ハウスは 3 区画設けた．








アブラバチ 40 頭（♀ 26 頭，♂ 14 頭）を 3 回放飼
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を比較した．接種的放飼の 1 区画とバンカー法の 1
区画ではアブラバチ 40 頭（♀ 24 頭，♂ 16 頭）を
3 回放飼した．そのほかに，アブラバチの放飼数を
半分（約 0.5 頭／ m2）にしてバンカー法を実施する





ブラムシとマミー数について，11 月下旬から 12 月













ポットを防虫ネット（約 0.15mm，および 1mm 目
シの発生前から天敵を定着させるので，ワタアブラ
ムシ接種 2 週間前から，1/5000 ａポット植のコム
ギ（約 100 株）に定着させたムギクビレアブラムシ
（約 2000 頭）（＝以後バンカーと呼ぶ）2 組ととも
に，アブラバチ成虫 40 頭を 1 週間毎に 3 回放飼し
た．ワタアブラムシ定着後からナス上のアブラムシ
数とマミー数を毎週調査した．11月は全株について，












ため，2001 年 3 月 9 日にクロルフェナピル剤およ
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ムシ数は 4 ～ 6 週間後には株あたり 300 頭を越え，
400 頭近くにまで増加した．この間（1 ～ 4 週間後）







12 月中旬（6 週間後）では週あたり平均 2.9 倍，1
月（10 週間後）では約 1.8 倍，2 月（14 週間後）で














培ハウス（最低気温 12℃に加温）1 棟（1.7 ａ）に
おいて 2002 年 8 月～翌 4 月までの期間，バンカー
法を継続した．ナスは 120 株定植し，うち 24 株に
ついてアブラムシの発生の有無を調査した．また，
バンカー上の寄生蜂の調査として，1 ～ 2 週間毎に
6 ～ 10 茎のオオムギを切り取り，細網の袋に入れ
て 25℃の恒温室に保管した．全ての寄生蜂が羽化
した後，寄生蜂を同定した．また，2003 年 9 月～















あたり 4 倍以上の増加率で増殖していた（図 9）．
　天敵の接種的放飼区では，ワタアブラムシの密度
は 3 ～ 4 週間後に株あたり 600 ～ 900 頭と，初期密

































 要因 df MS F 値 p 値 
　アブラムシ初期密度     1   62.71 122.31 <0.0001
　天敵の放飼方法     2 114.37 200.20 <0.0001
　調査週（変量効果）   10   10.38   27.68 <0.0001
　調査株位置（ネスト）   57     0.51     1.37    0.0396
　誤差 118     0.38
log 変換値について 0 ～ 10 週までのデータを用いて解析．3 つの天敵放飼方法の各々の間には有意差
が（Tukey の HSD 検定，p<0.05）が認められる（天敵無放飼＞接種的放飼＞バンカー法）．
マミー数
 要因 df MS F 値 p 値 
　アブラムシ初期密度   1 21.90 134.54 <0.0001
　天敵の放飼方法   2   1.15     7.09    0.0018
　調査週（変量効果） 10   4.77   26.79 <0.0001
　調査株位置（ネスト） 57   0.16     0.91    0.6552
　誤差 118   0.18 
log 変換値について 0 ～ 10 週までのデータを用いて解析．3 つの天敵放飼方法の間には有意差が（Tukey
の HSD 検定，p<0.05）が認められる（天敵無放飼≧接種的放飼≧バンカー法）．
表 5　秋冬期における 3 つの天敵放飼法（無放飼，接種的放飼，バンカー法）比較
試験の反復測定分散分析の結果
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行っている．7 ～ 11 月の実験で，期間中の平均気温
は 22.5℃（夜温 20℃を維持）の環境であった．実験
ハウスの大きさは 17m2 で，接種的放飼との比較を 3
反復（ハウス）とったものである．バンカー法区で
は 2 週間前からムギクビレアブラムシにアブラバチ
5 対を週 2 回，2 週間にわたって放飼した．接種的






























るいはワタアブラムシ 50：アブラバチ 39 となる．
アブラムシ個体数
 要因 df MS F 値 p 値 
　天敵の放飼方法     3   3.19   8.52 <0.0001
　調査週（変量効果）     6   7.70 12.78 <0.0001
　調査株位置（ネスト）   76   0.37   0.62    0.9889
　誤差 144   0.60
log 変換値を用いて解析．4 つの天敵放飼方法の間には有意差が（Tukey の HSD 検定，p<0.05）が
認められる（天敵無放飼≧接種的放飼≧バンカー法 ( 天敵 1/2) ＝バンカー法）．
マミー数
 要因 df MS F 値 p 値 
　天敵の放飼方法   3   1.09   13.81 <0.0001
　調査週（変量効果）   6 13.65   75.19 <0.0001
　調査株位置（ネスト） 76   0.08     0.44    1.0000
　誤差 144   0.18 
log 変換値を用いて解析．4 つの天敵放飼方法の間には有意差が（Tukey の HSD 検定，p<0.05）が












バンカー法 3 ハウスの平均± S.E. アブラムシ数，マミー数ともに有意
に減少（それぞれ log 変換値について回帰分析，y= -0.120 x + 4.823, 
r2=0.73, p=0.0008； y= -0.064 x +4.549, r2=0.78, p=0.0003）．
※　矢印はバンカー（1/5000 ａポットの約 100 株のコムギに定着させ
た約 2000 頭のアブラムシ）の追加を示す．
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総数が 10000 個にまで増加していた（図 10）．しか
し，その後，ムギクビレアブラムシもマミーも急激









































ムシ，モモアカアブラムシの防除の試み（3 ～ 5 月
と 6 ～ 7 月）がなされ，バンカー法による効果を
















以降にあたる 11 月下旬から 12 月初めには，マミー
表 7　コレマンアブラバチ高密度時における次世代密度維持
方法




　1mm 目合いの防虫ネットで被覆   724
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図 11　二次寄生蜂調査ハウスのナス上でのワタアブラムシ
の発生株率の推移
京都府綾部市，1.7 ａのナス栽培ハウス（開口部 0.6mm ネット
















































































綾部市，1.7 ａのナス栽培ハウスに設置したバンカー（オオムギ約 100 株）上での週あたり羽化成虫数の推定値の月ごとの平均値．ナス定植は 2002 年 8


































































































　この地域において，1 年目は 76 カ所，2 年目以降
は技術普及を兼ねて 150 カ所以上で現地実証試験を
おこなった．施設の大きさは 5a ～ 38a で，多くは


























12 月から作業開始．3 月上旬のコレマンアブラバチ接種は，麦 B へのムギクビレアブラ
ムシ移動に伴ってアブラバチがこちらへ移ってくる予定という意味．コムギの播種は，1


















① 11 月に第 1 回目ムギ類播種（10a あたり 4 ～ 6
カ所，1 カ所あたり 5g 程度）．
② 11 月中にムギクビレアブラムシ接種（約 2000
頭）．
③ 12 月末までにはコレマンアブラバチを放飼．
④その後，1 ～ 2 ヶ月に 1 回ムギクビレアブラム
シを追加する．







して，2001 年 12 月から準備を開始した．その手順
は以下の通りである（図 15）．
①コムギの播種：12 月上旬に 10a あたり 2 カ所
に 1 ｍ× 15cm の場所を設け，各 15g のコムギ
種子を播種する（コムギ A，B とする）．これ
はプランター植えでも良い．
②ムギクビレアブラムシの接種 1 回目：1 月 11
日にコムギ A にムギクビレアブラムシ約 4000
頭を接種する．







ハウスあたり 1 ボトル（250 ～ 500 頭）放飼する．
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図 16　春のアブラムシ対策としてのバンカー法導入スケ
ジュール（2003 園芸年度生産者配付資料の一部）



















る．従って，① 12 月中にムギ類を用意し，② 1 月
中にムギクビレアブラムシを定着させ（平均株あた









































（Bennison and Corless(3)，van Steenis(50)）．
　5）調査内容







































1 （３月　○） （３月　○） △ 90 ○ △ △
2 ○ × （△） ○ ×
3 ○ ○ ×（全面） 全面 × ×
4 （２月　○） （△） ○ ×
5 ○ × × 200 △ ×
6 ○ ○ ×（半分） × × ○
7 ○ △ × ○ △→× ○
8 ○ ○ △ △ 30 △→× △
9 ○ ○ × ○ × ×
10 ○ △ △ 20 ○ ○ △
11 ○ △ ○ ○ ×
12 ○ × ○ ○ ×
13 × × （○） ○ ×
14 ○ △ × 200 △ 3 △ ×
15 △ 30 △ 20 ○ △
16 （４月　○） （４月　○） × 100 ○ ○ △
17 ○ （△） ○ △
18 （２月　○） ○ △ 6 △ 1 △
19 ○ ○ △ 30 チューリップヒゲナガ ○→× △
20 × 300 ○ △→× △
21 ○ ○ △ ○ × △
22 ○ ○ ○ △ 20 ×
23 ○ （３月　○） △ 60 ○ △
24 （３月　○） ○ ○ ×
25 （３月　○） （３月　○） △ 1 （△） ○→？ △
26 （３月　○） （３月　○） ○ ○ ？→× ×
27 × × △ 30 ○ ？→× △
28 △ 20 ○ ？→× △










































































　天敵定着の遅れまたは失敗 7 カ所 2 カ所
　二次寄生蜂の発生 5 カ所 6 カ所
　ヒゲナガアブラムシ類の発生 2 カ所 4 カ所
　上記以外の原因  5 カ所
 調査施設数 29 カ所 29 カ所
 農薬散布実施施設数 13 カ所 14 カ所
聞き取りを含めて，経過の把握ができた施設は 29 カ所（表 8）．問題点の重複する施設がある．また，農薬を散
布しなかった施設が 2 カ所ある．その他の原因として，バンカー設置数の不足や，バンカー管理が早く終了し
たことも考えられる．























よび 2003 園芸年度それぞれについて 3 つの防除法の間で散布回数に有
意差が認められる（Kruskal-Wallis 検定，df=2， 2=8.027，p=0.0181，
および df=2， 2=31.571，p=0.0001）．
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図 20　収穫盛期におけるアブラムシ類防除のための農薬散布状況別施設割合の年次変化






図 12）があるので，少なくとも天敵の放飼は 11 月
以降（側窓を閉める時期）とする．②バンカー設置
箇所数を 10 ａあたり 4 ～ 6 カ所に増やし，配置場
所も分散させる．特に，天窓下など冬期のアブラム
シ類の侵入口と考えられる場所にバンカーを構え
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図 21　巡回調査でアブラムシ類を確認した施設の割合の推移
高知県安芸市，南国市などでバンカー法を実施しているナス科果菜類栽培施設．調査施設数は 1 ヶ月あたり 9 ～ 27 箇所．ワタアブラムシの発生施設割
合は園芸年度，月およびその交互作用で有意差が認められる（ロジスティック回帰分析，園芸年度：df=2, G=12.194, p=0.0022，月：df=1, G=19.342, 
p<0.0001，交互作用：df=2, G=14.580, p=0.0007）．モモアカアブラムシの発生施設割合には園芸年度と月との交互作用に有意差が認められる（園芸年
度：df=2, G=5.519, p=0.0633，月：df=1, G=0.399, p=0.5274，交互作用：df=2, G=11.576, p=0.0031）．ジャガイモヒゲナガアブラムシとチューリップ
ヒゲナガアブラムシの発生施設割合には園芸年度間および月間で有意差は認められない（交互作用を除外したロジスティック回帰分析，ジャガイモヒゲ












































のおよそ 2 倍の 67％に上昇し，成功事例数も増加
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高知県安芸市，南国市などでバンカー法を実施しているナス科果菜類栽培施設を月あたり 9 ～ 27 箇所調査．二次寄生蜂の確認された施設の割合
は，園芸年度間で有意差は認められない（ロジスティック回帰分析，df=2, G=5.716, p=0.0752）が，月により有意に変動している（df=1, G=12.532, 
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高知県安芸市，南国市などでバンカー法を実施しているナス科果菜類栽培施設を月あたり 9 ～ 27 箇所調査．全面散布を実施した施設の割合は園芸
年度間では有意差が認められないが，月間では有意に変動している（ロジスティック回帰分析，それぞれ，df=2, G=1.301, p=0.5218; df=1, G=5.538, 






































ち二次寄生蜂の比率が 3 月時点までで 50％未満か，
それ以上かで，後の農薬散布状況が有意に異なっ
た（順序ロジスティック回帰分析，p=0.0013）．3

































































 資材名 1 単位あたりの価格 10a あたり 必要回数 経費 備考
 （円） 必要数 （円）
圃場に設置するバンカーの資材
　ムギ類種子       4.75 4   3     57 1 カ所あたり 5g，3 回分
　プランター   200 4   1   800 土は畑の土を利用
　天敵（コレマンアブラバチ） 6720 1   1 6720 メーカー，地域によって 
     異なる
　代替寄主（ムギクビレアブラムシ） 5825 1   1 5825 同上，代替寄主を共同管
     理する場合は経費を軽減
     できる
接種・追加用ムギクビレアブラムシ生産資材 *
　土     12.6 1 36   452 育苗用培土 250ml
　ビニールポット           0 購入苗の育苗ポット再利用
　液肥       0.085 7 36     21 毎日潅水
　ムギ類種子       0.95 1 36     34 1g ／ 1 ポット
 合計 13909　円
※　2004 年 1 月現在，京都府綾部市での価格をもとに計算


















うに，2002 園芸年度では 76 カ所，2003 園芸年度で
は約 150 カ所であったが，その後，2005 園芸年度
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 園芸年度   地区 戸数 推定面積（ａ） 作目例
 2002   安芸   76 1247 ナス，ピーマン，シシトウ，米ナス，パプリカ 
 2003   安芸 150     - 同上
    安芸 190 5320 同上
    中央     2     30 シシトウ
 2005   高知   26   520 ピーマン，シシトウ 
  土佐西     8     90 ピーマン，シシトウ 
  　計 226 5960
    安芸   20   600 2002 に同じ
    中央     2     30 シシトウ
 2007   高知   20   420 ピーマン，シシトウ 
  土佐西   13   262 ピーマン，シシトウ 



















　しかし，高知県内において 2005 園芸年度に 200
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Development of a Practical Banker Plant System for Aphid 
Control in Commercial Greenhouse Crops in Japan
Koukichi NAGASAKA*, Naoyuki TAKAHASHI*2, Toshihiro OKABAYASHI*3, 
Junichiro ABE*4 and Singo OHYA*5
Abstract
A banker plant system can provide a continuous reservoir of natural enemies in advance of an outbreak of the 
target pest. In Europe, wheat or barley seedlings (the banker plants) are used to rear aphids that do not target the 
crop plant. These aphids are in turn used as hosts of the aphid parasitoid Aphidius colemani, which parasitizes the 
pest aphid well. During 2002 through 2005, we have been developing a similar banker plant system for controlling 
aphids in greenhouse crops in cooperation with growers in Kochi Prefecture, where is one of the largest regions 
for the production of greenhouse vegetables (e.g., eggplant and sweet pepper) in Japan. The cotton aphid Aphis 
gossypii, green peach aphid Myzus persicae, and thrip Thrips palmi are major pest insects of these crops. The minute 
pirate bug Orius strigicollis has been used in integrated pest management programs to control the thrip. However, 
insecticides sprayed against the aphids are detrimental to O. strigicollis.
In order to protect O. strigicollis, a banker plant system has been developed to reduce the use of insecticides to 
less than 1/10 of the area of each greenhouse throughout the main harvesting season (February to May). In the 
initial field trial year, wheat was planted at one location (ca. 0.2 m2) per 1000 m2 in December. A month later, ca. 
2000 bird cherry-oat aphids, Rhopalosiphum padi, were placed on the wheat, and a few week later ca. 500 adult 
parasitoids, A. colemani, were introduced. Approximately two months later, the banker plants were replanted and 
bird cherry-oat aphids were reintroduced. Successful pest aphid control was obtained in about one-third (27 of 76) 
of the greenhouses. Full chemical insecticide use was required in the remaining greenhouses. We assumed that the 
banker plant system was unsuccessful in these cases because of (1) the failure or delay of the bird cherry-oat aphids 
and parasitoids to settle, (2) the occurrence of secondary parasitoids that parasitized the introduced parasitoids, 
(3) the occurrence of pest aphids (Macrosiphum euphorbiae and Aulacorthum solani) that were not hosts of the 
introduced parasitoid, and/or (4) an insufficient number of banker plant plantings. During the subsequent growing 
seasons, the banker plants were introduced one month earlier in at least four locations per 1000 m2. These trials 
resulted in successful aphid control in two-thirds of the greenhouses. In 2005, this banker plant system was in use in 
226 commercial greenhouses in Kochi Prefecture.
Key words: banker plant system, aphid control, Aphidius colemani, commercial greenhouse crops
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Introduction
In the production of greenhouse vegetables in Japan, aphids are one of the most serious pest insects. Aphids are 
difficult to control during the long growing periods in the commercial greenhouses of eggplants and sweet peppers, 
because they are too small for growers to quickly identify during the early stages of colonization, and they multiply 
very rapidly. When natural enemies are utilized to control aphids, determining the appropriate timing, dosage, 
distribution and frequency of release is difficult.
A banker plant system can provide a continuous reservoir of natural enemies in advance of an outbreak of the 
target pest, or even in advance of the invasion of target pests into the greenhouse. According to van Lenteren (1995), 
the idea behind the banker plant system is that non-crop plants are placed in the greenhouse with a host insect (that 
is not a pest of the target crop) that serves as food source and reproduction host of parasites or predators. In Europe, 
wheat or barley seedlings (the banker plants) are used to rear the bird cherry-oat aphid Rhopalosiphum padi (Linne), 
an aphid that does not damage the crop plant. This aphid is a host of the aphid parasitoid Aphidius colemani Viereck, 
a parasitoid with a host range of 65 species including the cotton aphid Aphis gossypii Glover and green peach aphid 
Myzus persicae (Sulzer) (Takada, 1998). This system was developed for the protection of cucumber plants grown 
in greenhouses against the cotton aphid (Bennison and Corless, 1993). In Japan, however, there have been little 
attempts to develop a practical banker plant technique.
Kochi prefecture is one of the largest regions in Japan for the production of greenhouse vegetables such 
as eggplant and sweet pepper. The thrips Thrips palmi Karny, cotton aphid, and green peach aphid are major 
pest insects of these crops. The minute pirate bug Orius strigicollis (Poppius) has been used in integrated pest 
management (IPM) programs to control the thrips. However, insecticides sprayed against the aphids are detrimental 
to O. strigicollis. In order to protect O. strigicollis populations, the use of natural enemies of the aphids is necessary.
We have been developing a practical banker plant technique for controlling aphids on commercial greenhouse 
crops. The effectiveness of the banker plant system like that used in Europe was evaluated on eggplant in 
experimental greenhouses. We have also attempted to expand this banker plant technique on a larger scale in 
cooperation with growers in Aki City, Kochi Prefecture. Our goal was to reduce the use of chemical insecticides 
against aphids to less than 1/10 of the area of each greenhouse throughout the main harvesting season (February to 
May). 
Materials and Methods
1. Control of cotton aphid Aphis gossypii  on eggplants in experimental 
greenhouses using the aphid parasitoid Aphidius colemani in a banker plant 
system
Effectiveness of a banker plant system for the protection of eggplants against cotton aphids was evaluated at 
experimental greenhouses in Shikoku National Agricultural Experiment Station (Zentsuji, Kagawa Prefecture). In 
four greenhouses, which had areas of 50 m2 each, twenty eggplants were planted on October 16, 2000. On March 27, 
2001, 50 cotton aphids were placed on each of the eggplants. We designated this condition as an early stage of pest 
aphid colonization. Changes in the number of pest aphids were examined in following four different treatments: 1) 
no release of the parasitoid A. colemani (No aphid parasitoid release), 2) weekly release of 40 adults of the parasitoid 
(26 females and 14 males) for 3 weeks immediately after the settlement of cotton aphid (Inoculative release), 3) 
weekly release of 40 parasitoid adults for 3 weeks together with wheat seedlings which were infested with ca. 2000 
bird cherry-oat aphids (Banker plant system), 4) the same as treatment 3 except 20 parasitoids were released on 
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a weekly basis. At weekly intervals, the number of cotton aphids and mummified aphids on 10 eggplants at each 
greenhouse was examined. The mummified aphids were marked in order to prevent multiple scoring.
The cotton and bird cherry-oat aphids were obtained from colonies maintained in our laboratory. These aphids 
originated from insects that were field-collected from an experimental field of the Shikoku National Agricultural 
Experiment Station in 1999. The cotton and bird cherry-oat aphids were reared on eggplant and wheat seedlings, 
respectively, at 25℃ under a photoperiod of 16L:8D. The bird cherry-oat aphid could continue to reproduce parthenogenetically 
on wheat plants even at 15℃ under a photoperiod of 8L:16D.
The aphid parasitoid A. colemani was purchased from a commercial supplier (Tomono-aburabachi AC). When 
allowed to live in a relatively large space (at least 1.9 m2), this parasitoid prefers cotton aphids on eggplants as a host 
rather than the bird cherry-oat aphids on wheat plants. However, when confined to a smaller space (0.07 m2), this 
species parasitizes these aphids without preference. In 50 m2 greenhouses, A. colemani populations increased ca. 50-
fold on banker plants within one generation.
2. Controlling aphids in commercial greenhouses using a banker plant system
The trials to develop a practical banker plant technique were performed in commercial greenhouses in Aki 
City, Kochi Prefecture. Seedlings of greenhouse crops such as eggplant and green pepper were planted in early 
September. The main harvesting seasons of these crops extended from February to May of the following year. The 
reduction of insecticide use during the main harvesting seasons is the primary goal of the growers. In order to do 
this, the growers involved in these trials released the minute pirate bug O. strigicollis against pest thrips such as 
T. palmi. Outbreaks of aphids begin to occur from mid-February in normal years.
In the initial field trial year (2001-2002), the banker plant system was applied in 76 commercial greenhouses. The 
areas of these greenhouses were mostly more than 1000 m2. The use of the banker plant systems was scheduled 
such that the control agent A. colemani, could be settled by mid-February. Wheat was planted at one location (ca. 0.2 
m2) per 1000 m2 by mid-December, 2001. A month later (mid-January, 2002), ca. 2000 bird cherry-oat aphids R. padi, 
were placed on the wheat. About 500 parasitoid adults per a greenhouse were released by the beginning of February. 
The growers were advised to replant the wheat and reintroduce bird cherry-oat aphids approximately two months 
later (around March or April). Bird cherry-oat aphids were reared at the National Agricultural Research Center for 
Western Region (Ayabe, Kyoto Prefecture), and were provided to the growers. The growers purchased the aphid 
parasitoids from commercial suppliers.
The growers used chemical insecticides against pests such as thrips and aphids according to the grower＇s own 
empirical thresholds. The main insecticides that were sprayed during the trials were pyriproxyfen and spinosad 
against thrips, and pymetrozine against aphids. The applications of insecticides were carefully recorded. The use of 
insecticides against the aphids was categorized as follows: full use, partial use (i.e., less than 1/10 of the area of each 
greenhouse), and no use throughout the main harvesting season (February to May). Most growers applied chemical 
pesticides at full or partial use. Cases where the insecticides were sprayed between 10% and 90% of the greenhouse 
were categorized as full use because it was assumed that these levels would have a detrimental effect on the 
O. strigicollis populations. Partial and no insecticide use were recognized to be successful control of pest aphids.
More than 20 greenhouses were surveyed every month in order to record the presence of banker plants, bird 
cherry-oat aphids and mummified aphids on the wheat plants as well as the occurrence of pest aphids on crop 
plants, and secondary parasitoids. Because the number of greenhouses was too large for us to examine directly, 
observations made by the growers were incorporated into our findings. In total, data collected from 19, 29, and 18 
greenhouses was used for the evaluation of the application regimes, occurrence of pest aphids, and occurrence of 
secondary parasitoids, respectively.
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During the subsequent trial years, the banker plants were introduced one month earlier (in November) in at least 
four locations (ca. 0.2 m2 for each) per 1000 m2. In this case, the establishment of the banker plant system, including 
settlement of the parasitoids, was scheduled to complete by the end of January. In addition, the banker plants were 
changed to barley instead of wheat to avoid mildew disease. Before the beginning of the growing seasons, examples 
of the successful and unsuccessful control of aphids were explained to the growers. In addition, we distributed 
informational pamphlets, which carried photographs of a good banker plant example, pest aphids, primary parasitoid, 
and secondary parasitoids, as well as revised schedule of the banker plant technique.
During the second trial year (2002-2003), the banker plant system was applied in ca. 150 commercial greenhouses. 
At the end of the growing season, representatives of 84 of these greenhouses answered a questionnaire that we 
provided. During the third and forth years (2003-2004 and 2004-2005), the banker plant technique was applied in 
ca. 200 greenhouses. At the end of the trial years, representatives of only 21 of these greenhouses answered our 
questionnaire. A survey of the presence of banker plants, bird cherry-oat aphids and mummified aphids on the wheat 
plants, occurrence of pest aphids on the crop plants, and secondary parasitoids were made on a monthly basis of 9-25 
greenhouses during each trial year.
Results
1. Control of cotton aphid Aphis gossypii  on eggplants in experimental 
greenhouses using the aphid parasitoid Aphidius colemani in a banker plant 
system
In the greenhouse in which parasitoids were not released, a 3- to 9-fold weekly increase in the mean number of 
cotton aphids was found (Fig. 1, A). Under this condition, the mean number of aphids per plant was over 5000 at the 
third week post aphid settlement. At the fourth week post settlement a chemical insecticide was sprayed on the 
plants, resulting in no detectable cotton aphids.
In the greenhouse that underwent inoculative releases of parasitoids, the mean density of cotton aphids reached 
a maximal level of 954 aphids per plant at four weeks post aphid settlement (Fig. 1, B). Subsequently, at five weeks 
post aphid settlement, the mean number of mummified aphids increased to 134 per plant, and the number of cotton 
aphids decreased. At the sixth week post aphid settlement, cotton aphids were not detected.
In greenhouses where the banker plant system was applied, the mean number of cotton aphids per plant increased 
2- and 3-fold following the aphid settlement (Fig. 1, C, D). However, by the second week post settlement there was 
a dramatic decline in the cotton aphid populations under both treatments, and no cotton aphids were detected by 
the third week post settlement. These results demonstrated that the banker plant system was more effective than 
inoculative release of the aphid parasitoids.
2. Controlling aphids in commercial greenhouses using a banker plant system
First trial year
During the first year of field trials of the banker plant technique, 49, 25, and 2 greenhouses underwent full, partial, 
and no chemical insecticide treatment, respectively, throughout the main harvesting season (February to May). As a 
result, successful pest aphid control was obtained in about one-third (27 of 76) of the greenhouses (Fig. 2).
The occurrence of green peach aphid M. percicae or cotton aphid A. gossypii was observed in 79% of the 
greenhouses (23 of 29) during the main harvesting season. Glasshouse-potato aphids Aulacorthum solani (Kaltenbach) 
or potato aphids Macrosiphum euphorbiae (Thomas), which cannot be parasitized by A. colemani, were found in 34% 
of the greenhouses (10 of 29). In addition, secondary parasitoids, which parasitize the control agent A. colemani, 
Fig. 1  The weekly changes in aphid density at the four experimental greenhouses.
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Fig. 1  The weekly changes in aphid density at the four experimental greenhouses. 
A: No aphid parasitoid release, B: Inoculative release of aphid parasitoids, 40 parasitoids released per week, C: Banker plant system, 40 parasitoids released per 
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Fig. 2 Insecticide use against aphids through the main harvesting season during each of the four trial years.
The greenhouses were categorized by the type of chemical insecticide treatment they received: full insecticide use against aphids (Full), partial insecticide use, 
i.e., less than 1/10 of the area of each greenhouse (Partial), and no insecticide use (No) throughout the main harvesting season (February to May).  Partial and no 
insecticide use still resulted in successful control of all four species of pest aphids.
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were observed in 78% of the greenhouses (14 of 18). The main species of secondary parasitoids were Alloxysta sp. 
(Charipinae (Figitidae)) and Dendrocerus laticeps (Megaspilidae).
In 18 greenhouses where continuous records were kept, the aphids failed to settle on schedule in 11% of 
greenhouses, and the parasitoids failed to settle on schedule in 56% of the greenhouses. This suggested that a 
longer period for the settlement of aphids and parasitoids was necessary.
Three problems were recognized in the 13 greenhouses which received full insecticide treatment: 1) failure or 
delay of the settlement of bird cherry-oat aphids and/or A. colemani, 2) the occurrence of secondary parasitoids, and 3) 
the occurrence of non-host aphids for A. colemani (Table 1). Similar problems were recognized in the 9 greenhouses 
that received partial insecticide treatment. In addition, in 5 of the greenhouses that received partial insecticide 
treatment, the pest aphids were found at the farthest distances from banker plants and/or the growers neglected 
to renew the banker plants in April, at which time the banker plants should have been renewed. Although the 
successful establishment of the banker plant system might induce the absence of pest aphids in February or March, 
it led growers to the misunderstanding that no invasion of aphids into greenhouses occurred during that season.
Table 1  Problems observed in greenhouses that required insecticide use against aphids. 
 Full insecticide use Partial insecticide use
 1) Delay or failure of establishment
 of banker plant system   7   2
 2) Occurrences of secondary parasitoids,
 which parasitize on A. colemani   5   6 
 3) Occurrences of glasshouse-potato aphids
 or potato aphids, which cannot be   2   4
  parasitized by A. colemani 
 4) Others <number of bankers,    5
  discontinuance of banker system>
 No. of greenhouses observed 13 14
 * In some greenhouses plural problems were observed.
Second and subsequent trial years
During the second trial year, target pest aphids M. perciae and A. gossypii were observed in 14% and 77% of the 
84 greenhouses, respectively, during the main harvesting season (February to May). In addition, glasshouse-potato 
aphids A. solani and potato aphids M. euphorbiae were found in 3% and 21% of the greenhouses, respectively. Thus, 
the occurrence of aphids during the second trial year was similar to that of the first trial year.
During the subsequent trial years, successful aphid control was obtained in two-thirds of the greenhouses (Fig. 2). 
In addition, more than 80% of the growers were satisfied by this banker plant technique (Fig. 3). In 2005, this banker 
plant system was in use in 226 commercial greenhouses in Kochi Prefecture.
Discussion
We evaluated a banker plant system using the aphid parasitoid A. colemani and bird cherry-oat aphid R. padi on 
wheat plants for the control of the cotton aphid A. gossypii on eggplants in the experimental greenhouses. This 
banker plant system was more effective than inoculative release of the aphid parasitoids. The effectiveness of such 
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Fig.3  Evaluations of the banker plant technique by the growers.
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Steenis, 1995). In addition, banker plant systems have been in use in commercial greenhouses in Europe. However, 
basic data under the Japanese cultivation system was necessary in order to develop and spread a banker plant 
system for the protection of greenhouse vegetables in Japan.
After the initial year of field trials at the greenhouses producing eggplant and sweet pepper in Kochi, Japan, 
problems with the initial banker plant regime were identified. Following the identification of these problems, the 
number of greenhouses in which successful pest aphid control was achieved, increased two-fold during the second 
and subsequent trial years. We advised the growers on mainly three points: 1) the banker plant system should be 
established by January, prior to outbreaks of aphids in normal years, 2) the banker plants should be distributed 
at more than 4 locations per 1000 m2, and 3) careful observation of pest insects, natural enemies and secondary 
parasitoids is necessary. The first point is the basic tactic that has been emphasized in previous studies (e.g., Stacey, 
1977; Hansen, 1983; Bennison, 1992). The combination of the first and second points suggests that the control 
agents should lie in wait for the pest aphids’ invasion both in time and space.
Some problems that remain with our current banker plant regime include the occurrence of secondary parasitoids 
such as Alloxysta sp. and D. laticeps that parasitize on the control agent A. colemani, and the occurrences of 
glasshouse-potato aphids A. solani and/or potato aphids M. euphorbiae that were not the hosts of A. colemani. 
During the first trial year, the crops in a few greenhouses were seriously damaged by the occurrence of secondary 
parasitoids or glasshouse-potato aphids. Van Steenis (1995) also reported the problem of secondary parasitoids. 
Glasshouse-potato aphids were not a serious problem in these greenhouses until this trial. Without employment 
of the banker plant system, glasshouse-potato aphid populations seemed to be suppressed simultaneously by the 
chemical insecticide sprayed against cotton aphid and green peach aphid. Most of the growers in our trials were able 
to discriminate between the beneficial and secondary parasitoids, and pest and non-pest aphids. In the cases where 
secondary parasitoids or glasshouse-potato/potato aphids occurred, the growers determined the timing and area of 
insecticide use after they carefully observed the populations of pest aphids in addition to beneficial insects.
As the banker plant system is more commonly accepted by the growers of greenhouse vegetables in Japan, the 
reduction of chemical insecticide use against pest aphids should result in the protection of introduced populations 
of the minute pirate bug O. strigicollis. This will lead to the better control of thrips. At present, this banker plant 
46
technique as well as minute pirate bug introductions plays important roles in IPM programs in Kochi Prefecture. 
Through this study, we realized that practical techniques to use natural enemies should be developed in the 
corporation of growers, advisers and researchers.
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９月 １０月 １１月 １２月 １月 ２月 ３月 ４月 ５月
１ヶ月に一回、ムギクビレアブラムシを追加する
早期発見・対処
アブラムシ、
二次寄生蜂侵入
バンカー法導入スケジュール
ムギが硬くなってき
たら再度更新する
アブラムシ、
二次寄生蜂侵入
49
バンカー植物を更新する
時には網掛けをして、ムギ
クビレを保護。
これくらい増えてきたら天敵放飼
アブラムシは下から増えてくる
バンカー植物はコムギ（左）でもオオムギ（右）でも、エン麦でも良い。うすい液肥を
やるとムギクビレアブラムシが良く増える。ただし、上からでなく、土に灌水する。
バンカー上のマミーアブラムシを増やしす
ぎるとムギが枯れる
部会などで網ケージを持っておき、そこでムギクビレアブラム
シを増殖しておくと、いつでもバンカーに追加できて便利
コレマンアブラバチ用バンカーの作り方
１．１０ａあたり４～６カ所にムギ類の種を
蒔く。
（直播き１ｍあたり種子約５ｇ）
２．２週間後、ムギクビレアブラムシを接種
する。
（「アフィバンク」・近中四農研・県農技セ
ンター、普及センター）
３．約２週間後、ムギクビレアブラムシが十
分増殖したら、コレマンアブラバチを
放飼する。
（「アフィパール」、「アブラバチAC」、「コ
レトップ」）
４．コレマンアブラバチが増殖し、マミーが
増えてくるとムギクビレアブラムシが
減るので、１ヶ月に１回ムギクビレを追
加する。（部会などで増殖しておく）
５．ムギ類の種を蒔く （プランター・直播き）
（１カ所あたり種子約５ｇ）
６．２週間後、網掛けをしてムギクビレアブラ
ムシを接種する
（再度、ムギクビレアブラムシを入手する）
７．約２週間後、ムギクビレアブラムシが十分
増殖したら、網をはずす。
８．ムギが硬くなってきたら、再度更新する。
９．３月以降二次寄生蜂を見かけたら、捕食
性天敵をバンカーに放飼する。バンカー
はそのまま維持する。
（「アフィデント」など）
（バンカー植物の更新）
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1mm
1mm
1mm
モモアカアブラムシ ワタアブラムシ
チューリップヒゲナガアブラムシ ジャガイモヒゲナガアブラムシ
×
下の大型２種にはコレマンアブラバチが寄生しないので、捕食性天敵や薬剤散布が必要
体色は緑色、
赤色
体色は黄色、緑色、
濃緑色
← 体はやや
大きく細長い
二次寄生蜂 コレマンアブラバチ
腹部がス
マート
腹部がず
んぐり
大穴で、ギ
ザギザの切
り口
きれいな切り口、
ふたがついて
いることが多い
ヒメタマバチ
オオモンクロバチ
×
